ABSTRACT Cloud radio access network (C-RAN) is considered to be a promising architecture for the future network due to its competitive advantage in both spectral efficiency and energy efficiency (EE). However, the tremendous increase in the mobile data traffic lead resource allocation in C-RANs to be less flexible and efficient. To solve this problem, an energy efficient resource allocation scheme for uplink C-RAN is investigated, and its software-based architecture, which provides the proposed framework in a softwaredefined network fashion is designed. The proposed framework analyzes the information from the data plane, and completes the resource allocation process in the control plane. In the control plane, a relay region selection algorithm is designed to reduce the computational complexity after the user classification module. Then an optimal power allocation, relay selection and network selection scheme with total power constraint, quality of service requirements, and radio resource constraints are proposed to maximize EE. Based on the dual decomposition method and the Dinkelbach method, optimal power allocation, relay selection, and network selection can be obtained from the reformulated convex problem. Numerical results demonstrate the effectiveness of the proposed scheme.
I. INTRODUCTION
The number of mobile users and applications has been growing rapidly during recent years, such tremendous growth makes efficiency, flexibility and expenses become challenges for 5G cellular networks in mobile context [1] . Meanwhile, energy consumption reduction becomes a crucial issue both in environment and economy. Motivated by the above challenges, cloud radio access network (C-RAN) and software defined network (SDN) have been adopted into the cellular network. In C-RAN, the RRHs connect to the BBU through fronthaul links, and most baseband tasks are centralized processed at the BBU [2] . Meanwhile, SDN can control network resources with software technique instead of traditional manual configurations at the manager, which can simplify resource configuration and management [3] . Moreover, The separation between the control plane and the data plane makes the new architecture more flexible. To relieve the pressures from environment and economy, energy efficiency (EE) is considered to be one of the most essential factors for designing the network. Many efforts have been made to improve EE, such as inter-tier interference mitigation scheme [4] , activity-aware sleeping strategy [5] , computation task migration [6] , efficient resource allocation scheme [7] , modeling EE [8] . Besides, improving EE of mobile terminals (MTs) has been proposed as an important solution to extend battery life and improve the experience of MTs [9] - [11] . However, to the best of our knowledge, few works consider user cooperation for cloud assisted HetNets since the network faces the pressure of satisfying the traffic requirements and addressing the enormous cost.
In literature, cooperative transmission is a promising technology as it can provide EE gain as well as coverage extension without massive energy consumption. In the relay assisted network, the transmitter and the relay node cooperate to send the information to the destination, which can bring spatial diversity against the fading to the network even in the single antenna scenario [12] . Among the existing cooperative communication protocols, decode and forward (DF) and amplify and forward (AF) are the two protocols more often to be used. In AF systems, the transmitted signal will be firstly amplified at the relay node, and then directly forwarded to the terminal. For the characteristic of simplicity, AF protocol seems to be more popular. With the imperfect channel statement information at the transmitter, an energy efficient resource allocation algorithm was proposed for the AF system [13] , [14] . AF protocol can also be adopted in the secondary network to maximize the sum rate in MIMO cognitive networks [15] . In [16] and [17] , a more simple and efficient method for the tradeoff of EE and spectral efficiency was investigated. While for DF relaying, the received signal from the source need to be decoded as well as encoded at the relay, and then can be transmitted to the destination. DF systems, have more complicated communication protocols at the relay node, can obtain substantial performance gains. In [18] , a multi-phase transmission protocol was designed in an underlay cognitive relay network. The security EE, which was defined as the radio of secure data rate and total power consumption, was discussed for the DF relay network with a potential eavesdropper [19] . To reduce energy consumption and enhance users' quality of service (QoS), a cooperative automatic repeat request protocol is formulated for the multirelay system [20] . In brief, the two protocols are widely used in various scenarios for their properties of performance gains, and will be selected for the corresponding scenarios.
Fixed relays are considered in these above researches, which lead to a huge amount of power consumption compared with the mobile relays. The mobile users who have strong direct link channels and can directly receive the transmitted signal can act as relays, which can further reduce the power consumption for transmission [21] - [23] . However, these resource allocation methods cannot be directly applied to the case of multi-user, multi-relay and multi-network scenario due to the tremendous increase in computation complexity, which is caused by the joint optimization of relay selection and network selection.
In this paper, we focus on EE maximization for uplink C-RANs with user cooperation and QoS guarantees. To achieve this purpose, we propose a novel scheme that jointly optimizes power allocation, relay and network selection. Specifically, the main contributions of this work are summarized as follows:
(1) The energy efficient uplink communication problem for C-RANs is formulated to jointly allocate uplink transmission power and select proper relays and network, with MTs cooperation and QoS requirements. All MTs are divided into two groups according to their transmission requirements. MTs have no transmission requirements are assigned to the first group, and the others are assigned to the second group. When second group users communicate with remote radio heads (RRHs), some of the users from the first group can act as relays for them. To deal with a multi-user multi-relay multi-network system, we solve the optimization problem to maximize the performance of MTs. In addition, in the process of problem formulation, maximum transmit power and limited battery of MTs, as well as available radio resources at RRHs of different access networks are captured.
(2) The formulated optimization problem is a mixedinteger non-linear non-convex program, which is an NP-hard problem and difficult to solve directly. To make the problem to be a solvable one, firstly, based on the methods of relaxation and non-linear fractional programming, the original problem is transformed into a convex optimization problem. Secondly, Dinkelbach method and dual decomposition method are employed to solve the convex function. Moreover, to reduce the computational complexity of the proposed scheme, a relay region selection algorithm is designed.
(3) The proposed resource allocation scheme is shown to hold for the scenarios including DF and AF protocols. Based on the equivalent channel gains of the DF and AF relaying networks, optimal resource allocation results are derived for the optimal and equal power allocation scenarios. Numerical results demonstrate the effectiveness of the proposed scheme, and show the performance gains of DF and AF systems.
(4) For the characteristic of separation, SDN technique is used to manage the resource allocation process for high flexibility and QoS assurance. Based on the solution of the optimization problem, our proposed algorithm is divided into two process, user cooperation and resource allocation (power allocation, relay selection and network selection). When adopting SDN controller, the two processes are structured into SDN architecture with agents running between RRHs and MTs.
The remainder of this paper is organized as follows. Section II introduces the architecture for C-RANs. In Section III, the optimization problem is formulated and the solution approach is provided. Section IV develops the SDN framework for C-RANs and runs the proposed resource allocation algorithm on the SDN controller. Simulation results are discussed in Section V, and finally, conclusions are described in Section VI.
II. SYSTEM MODEL
We consider uplink C-RANs where single-antenna RRHs and MTs located randomly. MTs are separated into two groups according to their transmission requirements. The first group J = {1, . . . , J } is assumed to have no transmission requirements and act as potential relays. The second group K = {1, . . . , K } can transmit the information to RRHs directly or with the assistance of the potential relays. There are total M units of radio resource in the resource pool, and they can be used by the network a and network b. It is worth noting that different service providers from different networks use different frequency bands, so there is no interference between network a and b. RRHs in network a and b are denoted by the set of S = {1, ..., S} and I = {1, ..., I }, respectively. Two time slots are assumed to be used in the relay protocol, and the same subcarrier is used for each slot. In the cooperation link, MTs broadcasts the information to the RRHs and relays in the first slot, and relays forward the received data to RRHs according to DF or AF policy in the second slot. The received information at RRHs are assumed to be the combining signal from the two slots. The system architecture is shown in Fig. 1 . To achieve high gain, RRHs with low energy consumption cooperated with each other in the baseband units (BBU) pool. Each RRH can connect to the central controller through the BBU pool. With the cooperation of MTs, the procedure of allocating optimal power, selecting the proper communication mode and access network is fulfilled by the joint of the BBU pools and the controller.
To interpret the resource allocation problem, several binary variable definitions are made as follows. Table 1 . The EE for the direct link between RRH i and source node MT k on subcarrier m is
where P m i represents the energy consumption of RRH i receiving signal over subcarrier m. P m i and P E can be expressed by [24] . Explanations of the relevant parameters are given in [24] .
The EE for the direct link between RRH s and source node MT k on subcarrier n is
where P n s denotes the power consumption for RRH s receiving information on subcarrier n and can be given by [25] . Definitions of the relevant parameters refer to [25] .
The EE for the relay link among RRH i and relay node j and source node MT k on subcarrier m is 
by (4) and (5), as shown at the top of this page. The EE for the relay link among RRH s and relay node j and source node MT k on subcarrier n is
whereĥ n 0,s,j,k and P n 0,s,j,k are the equivalent channel gain and transmit power for the MT k-relay j-RRH s link. P n sj is the power consumption of RRH s for receiving information from the relay link over subcarrier n. When relays operate in DF mode,ĥ
h n kj h n js +h n js h n ks −h n kj h n ks +h n js 2 , P n k,j and P n j,s are shown in (7) and (8), as shown at the top of this page. The total achievable data rate for MTs is given by
Energy consumption for RRHs receiving information from the MTs can be expressed as
III. PROBLEM FORMULATION AND SOLUTION APPROACH
A. PROBLEM FORMULATION As described in [5] , EE metric is defined as the radio of total achievable data rate for MTs and total energy consumption of receiving message,
where X contains network selection variables x m i,0,k and x n 0,s,k , Y contains relay selection and network selection variables y m i,0,j,k and y n 0,s,j,k , and P contains all of power variables P m i,0,k , P m i,0,j,k , P n 0,s,k and P n 0,s,j,k . In order to satisfy uplink QoS requirements and transmission power constraints for MTs, as well as radio resources constraints at RRHs, the optimization is formulated as
where R k and P tr can be expressed by
+y n 0,s,j,k P n 0,s,j,k ). C1 is the integer constraints of the indicators for relay selection and network selection. C2 ensures that each MT can at most associate with one RRH i or RRH s through direct link or cooperation link. C3 represents the minimum QoS requirement for each MT k in terms of data rate requirement. C4 and C5 are the radio resources constraints at RRHs from network a and network b. C6 and C7 denote the limitations on the maximum transmission power for MTs and relays. C8 is the non-negative transmission power constraint.
The optimization problem in (12) is a mixed-integer fractional optimization problem, which contains both non-linear objective function and the coupled integer and continuous variables. To make the problem to be a tractable one, we transform P1 into a convex optimization problem in the following section.
B. SOLUTION APPROACH
Challenging aspects of this problem are the non-linear objective function and integer variables. Even worse, when coupled with QoS constraints and radio resources constraints, problem P1 becomes even harder to solve. To make the problem tractable, parametric approach and relaxation method are introduced. First, we replace the binary variables both in the variant field and the feasible set with continuous ones. Although the feasible set becomes convex, the nonlinear objective function still make the relaxed problem non-convex. Then, to solve the non-convex problem, the nonlinear fractional programming method is adopted, where the introduction of a non-negative parameter makes the original optimization to be transformed from a fractional form to an additive one. The additive problem can obtain a root of equation F (λ) = 0 using an iterative algorithm, the Dinkelbach method, which is described in Algorithm 1. In each iteration of the Dinkelbach algorithm, the dual decomposition technique is used to solve the convex problem. It is worth nothing that the optimal solution of the relaxed problem also has integer values in this paper.
The details of the proposed solution approach are given in the following.
1) RELAXATION METHOD
We first relax these integer variables 
. So problem P1 can be relaxed to
where P m j,i and P n j,s are expressed in (14) and (15) P n 0,s,j,k . It is worth nothing that g (x, t) = tf (x/t) is concave when f (x) is concave [21] , [28] , obviously, R k is concave with P and relaxed variables X and Y . After substituting these continuous variables (X and Y ), auxiliary power ( P) and data rate variables ( R m i,0,k , R n 0,s,k , R m i,0,j,k , R n 0,s,j,k ), the new relaxed feasible set is convex. However, the objective function is in fractional form, which still makes the problem P2 to be a non-convex optimization problem. We find that the method of nonlinear fractional programming is an effective method to solve this problem, which is described in the following subsection.
2) NONLINEAR FRACTIONAL PROGRAMMING
[11, Th. 1] is used to solve the fractional objective function, which states that the fractional objective function can be converted to be an equivalent non-fractional form through the introduction of a non-negative parameter λ = max X ,Y , P R P . Then, problem P2 can be transformed into
To find the optimal solution of problem P3, Dinkelbach method is adopted, which is shown in Algorithm 1. According 
to Algorithm 1, we can obtain that the optimization problem is solved for a given λ in each iteration until λ converges.
Since the above mentioned optimization problem is convex and has strong duality, it can be solved by the dual decomposition technique. Then the optimal solution can be found by the iteration between several sub-problems and one master problem. The details of this process are given in the following.
Algorithm 1 Dinkelbach Method
Require:
Solve problem P2 for optimal P (i) ,
3:
t 2 ← t 2 + 1 5: end while Ensure: P, X , Y ;
C. DUAL DECOMPOSITION TECHNIQUE
In this part, we use the dual decomposition technique to solve the convex optimization problem. Three steps give a perfect illustration for the mechanism of how the technique works: dual function formulation, optimal resource allocation process when the dual points are confirmed, and optimal dual problem. The optimal resource allocation process can be decomposed into two sub-problems: optimal power allocation when relay and network are selected, optimal selection of relay and network when the optimal power is allocated. Details see the following.
1) DUAL FUNCTION FORMULATION
For a given λ, we assume Lagrangian multipliers
with C 3 , C 4 , C 5 , C 6 and C 7 , respectively. The rest of the constraints C 1 , C 2 , C 8 will be considered later. The Langrange function is given by
The Langrange dual function has the following expression
2) OPTIMAL RESOURCE ALLOCATION PROCESS WHEN DUAL POINTS ARE CONFIRMED
For the given Lagrange multipliers, we can obtain optimal power variables and relay and network selection results in each iteration of the dual optimization problem. So the current optimization problem is formulated as
To find the optimal results, we further reformulated the problem as
In this case, we first focus on the power allocation optimization problem max P L µ, ν, ω, τ, X , Y , P . Obviously, this is a convex problem. Based on the Karush-KuhnTucker (KKT) conditions, we can get 
in (25) and (26) With these power allocation values, we then turn to pay attention to the relay and network selection problem max X ,Y L µ, ν, ω, τ, X , Y , P . To get these indicator variables X and Y , the expression for the objective function is rearranged. So the maximization problem on relay and network selection becomes to have a linear relationship with these indicator variables, which is written as
where H m i,0,k , H n 0,s,k , H m i,0,j,k and H n 0,s,j,k can be expressed by
The above optimization problem will allow us to obtain non-integer values for X and Y , and it is proved that the relaxed optimization problem also has integer optimal values in [21] . To satisfy the constraint that one MT can at most associate with one relay and one network, the optimal association decision for MT k depends on the value of H , which is denoted as 
3) OPTIMAL DUAL PROBLEM
Lagrangian multipliers need to be iterated to find the optimal values for the Langrange dual function. To reduce the complexity of the gradient of the function, here we use the subgradient method [7] to update these Lagrangian multipliers according to these following expressions
where t is the iteration index, and ε 1 ∼ ε 5 are positive step sizes. When F (t 2 ) = R (t 1 ) − λ (t 2 − 1) P (t 1 ) satisfying the convergence condition that its value is small enough, the dual problem will be solved.
D. RELAY REGION SELECTION
MTs need to traverse all users in the first group to select the optimal relay at the beginning of communication, which seriously burden the computation complexity of the communication link selection process. A relay region selection algorithm, which is described in Algorithm 2, is proposed to
for i ∈ I do calculate η m i,0,k according (1); 4: for j ∈ J do calculate η m i,0,j,k according (2) j → J 1 ; end if 10: end for for s ∈ S do 12: calculate η n 0,s,k according (3); for j ∈ J do 14: calculate η n 0,s,j,k according (4); end for 16: if max η n 0,s,:,k > η n 0,s,k then j → J 2 ; 18: end if end for 20: end for
settle this problem, where some MTs should be chose from the first group at first. Based on Algorithm 2, the proposed scheme that jointly optimize power allocation, relay and network selection while considering QoS requirement and user cooperation, is summarized in Algorithm 3.
The complexity of Algorithm 3 is O (TDK J 3 (I + S)), where T and D are the numbers of iterations required for convergence of Dinkelbach method and dual decomposition technique. The solution of exhaustive search on relays has a complexity of O (TDKJ (I + S)), which is significantly higher than the proposed scheme.
IV. SDN ARCHITECTURE FOR THE PROPOSED SCHEME
The basic idea of the software defined controller is to separate the control plane from communication equipments, and provide a centralized control of the network devices. Based on research in [29] , the system model for the SDN controlled layered architecture is shown in Fig. 2 . As shown in Fig. 2 , the decision of resource allocation is included in the control plane, which contains four modules: user classification, user association, power allocation and communication link selection. Moreover, the connections among these components are also represented. SDN controller gives us an opportunity to flexibly execute the optimal resource allocation scheme when excessive users connect to the network. A sequence diagram [30] of the total procedure as seen in Fig. 3 and Fig. 4 , which are shown to allocate optimal power, select the best relay and the network. After user classification process
obtain H by substituting P * into (17); 6: select the optimal communicate mode and the proper access network for each MT through comparing H ; update Lagrangian multipliers according to (32)-(36); if µ, ν, θ , γ , ω converge simultaneously then 9: W=0; else
end if end while t 2 = t 2 + 1; 15: is finished, users in second group can select the best relay and RRH according to the information that RRHs and relays broadcasting. Then the selected RRHs transmit the result to the SDN controller. Based on the received information, i.e., MTs' QoS requirements, limitations on the maximum power and radio resources constraints at RRHs, the controller will make and broadcast the decision on the resource allocation. We take a brief introduction on the architecture in the following.
(1) User Classification Module All MTs can be classified into two groups according to the information sent to the SDN controller that whether they have communication requirements, where MTs in the first group have no communication requirements, while MTs in the second group have communication requirements. (2) User Association Module This module is responsible for calculating and selecting relay region before the resource allocation session, which is corresponding to the pseudo code given in Algorithm 2.
1) η Calculation RRHs and MTs in the first group broadcast a message of their ID to MTs in the second group through pilot signals. When receiving these signals, MTs in the second group begin to measure, estimate and decode the pilot signals. In Algorithm 2, each MT is initially assumed to be associated to a RRH through all possible communication link. based on (1)- (4), MTs in the second group can compute its EE values before the association process.
2) Relay Region Selection Each MT computes and stores these EE values to construct its preference lists. By sorting EE values, each MT will find the best communication link with the highest EE value when associate with each RRH. Once MT k selects relay j to communicate with RRH i, relay j will be taken as an element of the relay set for each MT. After generating the relay sets corresponding to all MTs, these existing overlapping elements are deleted and the relay region is formed for all MTs. Then, the region information is sent to the SDN controller.
(3) Power Allocation Module To settle resource allocation problem in the proposed architecture, it is worth nothing that communication links for MTs are initialized in this module, that is to say, some MTs directly connect to RRHs while others through relays selected in the above module. Thus this module is responsible for solving the optimal allocation power problem. MTs and RRHs send their information including QoS requirements, power control and data rate constraints to the SDN controller. In the next step, the SDN controller will perform the internal circulation in Algorithm 3 to solve the power allocation optimization problem max In each iteration of this algorithm, the optimal allocated power and the optimal selected link can be achieved. When the two modules (C and D) obtain optimal values, the iterative process terminates. Once the decision is made at the SDN controller, the information of RRHs IDs, relays IDs and allocate power are sent to RRHs. Finally, MT can establish their data transmission information when receiving them from RRHs.
V. SIMULATION RESULTS
In the following, to illustrate the performance gain, numerical results of the proposed resource allocation algorithm are presented and discussed. We consider a C-RAN structure where MTs, potential relays, RRHs are randomly distributed in a 100-meter radius cell. Each transmitting MT and relay are respectively assumed to have the same minimum data rate requirement R min and the uniform maximum transmitting power P max j , and the same radio resource constraint is set at each RRH. The transmitted signal from the source suffers from pass loss proportional to d 2 , where d is the distance between the transmitting node and the receiving node. Each subcarrier suffers independent complex Gaussian (i.i.d.) Relayeigh fading with unity variance. The pass loss models of MT to MT and MT to RRH are denoted by 9.95 + 35 log (d (km)) and 2.7 + 42.8 log(d(km)). Other simulation parameters are shown in Table 2 unless otherwise stated.
Before introducing these comparing schemes, we first unify the forms of the expression for different schemes as (K , J 3 , I , S). Six different schemes are considered: our proposed low complexity maximum EE scheme ((4,1,2,2), optimal power allocation) is referred to the optimal power allocation, relay selection and network selection scheme; maximum EE scheme with equal power allocation scheme (((4,1,2,2), equal power allocation)) choose the optimal relay and network to maximize EE; the maximum EE scheme without network selection (((4,1,4,0) , optimal power allocation)) is referred to the proposed scheme without network selection; the maximum EE scheme with equal power allocation and without network selection ((4,1,4,0), equal power allocation) is performed by selecting the optimal relay; the maximum EE without relay selection scheme ((4,0,2,2), optimal power allocation) applies the proposed scheme for the same system without relay nodes; the maximum EE with equal power allocation and without relay selection scheme ((4,0,2,2), equal power allocation) is performed by selecting the optimal network. Note that the equal power allocation strategy is implemented by averaging the total power over all subcarriers. We first compare the convergence of the above mentioned schemes in Fig. 5 and Fig. 6. Fig. 5 shows the performance of the comparing schemes where relays use the DF protocol, and the AF protocol is used in Fig. 6 . In each of iteration of the simulation, the total power consumption constraint at MTs P max is assumed to be 1W, and the minimum data requirement for each MT is set to 0.2 bits/sec/Hz. These two figures show the convergence speed of the Dinkelbach method, and the algorithm converges just within 3 iterations. As expected, the proposed maximum EE scheme outperforms the other comparison schemes whether in DF protocol or AF protocol. Besides, the performance of the optimal power allocation strategy outperforms the equal power allocation strategy. This is mainly due to two reasons. First, with the optimal power allocation strategy, the proposed scheme jointly optimize power allocation, relay selection and network selection to maximize EE, so the maximum EE without network selection scheme and maximum EE scheme without relay selection get reduced performance. Second, the equal power allocation schemes, which not optimize power allocation, so the EEs achievement are always lower than these optimal power allocation schemes. Moreover, the importance of the optimal power allocation strategy is confirmed. However, there exists obviously difference in the trends between Fig. 5 (b) and Fig. 6 (b) . The reason is that relay protocols directly affect the selection of relays and access networks. Generally speaking the DF system performance outperforms the AF system due to the fact that the more complicated communication protocols at relays. It is worth to note that AF protocol performs even better than DF protocol in the proposed scheme. The reason is that the relay is located near the RRH [27] , the major power is consumed to guarantee relay decoding, which limits the performance. Therefore, we can conclude that our proposed algorithm has low computation complexity and high performance gain.
Note that there has no change in the EE of the maximum EE scheme without relay selection between Fig. 5 and Fig. 6 . So besides the comparison scheme without relay, other schemes are compared and discussed in terms of the performance of the EE within DF and AF system in the following. Fig. 7 and 8 demonstrate the EE versus the maximum allowed total transmitting power P max for different schemes. Fig. 7 shows the performance gain in DF protocol, and AF protocol is applied in Fig. 8 . We vary P max over the range [0.01, 1] to investigate the different performance. As shown in the figures, EE increases with P max for all schemes. This is due to the fact that as the total transmitting power increases the throughput of the MT will correspondingly increases. From the two figures we can also obtain that the performance of the optimal power allocation strategy outperform the equal power allocation strategy with the varying values of P max . The EEs of the DF systems for the maximum EE scheme without network selection are higher than the AF counterparts, while it is opposite to the circumstance of the proposed scheme. The reason for these changes is illustrated in the above content, we no longer take explanation.
The EE versus the radio resource constraint at each RRH R min for different schemes are depicted in Fig. 9 and 10 . Fig. 9 shows the performance gain in DF protocol, and AF protocol is applied in Fig. 10 . We vary R min over the range [0.01, 0.2] to investigate its effects. As can be seen from the two figures that, EE decreases with R min for all schemes. It can be explained by the fact that the MT will increase their transmit power to meet the data requirement when R min increases, which leads to the decrease in the performance. Besides, we can also obtain that the performance of the optimal power allocation strategy outperform the equal power allocation strategy, and EEs of the DF systems are higher than the AF systems when giving the same R min . In brief, the results of Fig. 7-10 confirm the effects of optimal power allocation policy and relay protocols on the system performance.
VI. CONCLUSIONS
In this paper, we have addressed resource allocation to maximize system EE in C-RANs, where DF and AF policies are both studied. To make the current resource allocation process in mobile network become more flexibility, the SDN controller is adopted into C-RANs, and the resource allocation process is totally software-defined. The resource allocation strategy jointly optimizes power allocation, relay selection and network selection considering power constraints, QoS requirements of MTs and resource constraints at RRHs, which is mainly fulfilled in the control plane. To reduce the computational complexity, a relay region selection module is disposed before the resource allocation module. The formulated optimization problem is a mixed-integer nonlinear non-convex program, which is difficult to solve directly due to the high computational complexity. We then apply the relaxation method and the nonlinear fractional programming VOLUME 5, 2017 to tackle the non-convex problem with fractional objective function. After that, the Dinkelbach method and dual decomposition method are introduced to solve the reformulated convex problem. Finally, we have developed Algorithm 3 to obtain optimal joint power allocation, relay selection and network selection. The numerical results demonstrate the fast convergence speed and the performance gain of the proposed scheme. In the future work, we will develop investigation on the information for the SDN controller within the core network and the balance of resource allocation among different access networks through the SDN controller. 
